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, 
During t h e  p a s t  s i x  months, s e v e r a l  a s p e c t s  of  o u r  re- 
sea rch  sponsored by NGR 44-003-018, have made apprec iab le  
ga ins .  These w i l l  be handled i n  n a r r a t i v e  form rather t h a n  
i n  t h e  form of p r e p r i n t s  as w e  have done i n  t h e  p a s t .  
During t h e  past year, t h e  Laboratory o f  Experimental  
Pathology i n  t h e  Department of  Pathology has been developed 
w i t h  Nat iona l  I n s t i t u t e  o f  Health funding under t h e  d i r e c t i o n  
o f  the  p r i n c i p a l  i n v e s t i g a t o r .  N e w  f a s c i l i t i e s ,  equipment and 
personnel  have been acqui red ;  t he  t e c h n i c a l  s taff  now numbers 
1 0  and the p r o f e s s i o n a l  staff 8. A breadth  o f  i n t e r d i s c i p l i n a r y  
coverage i s  now given t o  t h e  NASA sponsored research under 
t h i s  g r a n t .  
A .  G a s t r o - i n t e s t i n a l  T rac t :  We have cont inued o u r  e l e c t r o n  
microscopic  s tudy  of g r a n u l a r  c e l l s  p re sen t  i n  j e j u n a l  e p i t h e -  
l ium as e a r l y  as 6 hours  fol lowing i r r a d i a t i o n  w i t h  138 Mev 
p ro tons  (6,000 rads, whole body). "Karyolyt ic  g ranu le s"  have 
been r e p o r t e d  i n  X- i r rad ia ted  j e j u n a l  epithelium'. 
g r a n u l e s  i n  o u r  material have a similar u l t r a s t r u c t u r e  ( F i g  1 1 ,  
and are Feulgen and PAS p o s i t i v e  i n  l i g h t  microscopic  prepara- 
t i o n s ;  t hey  f r e q u e n t l y  occupy a basi lar  p o s i t i o n ,  d i s p l a c i n g  
a deformed nucleus  towards t h e  lumen. 
The 
These g ranu le s  conta in  remnants of n u c l e i  and cytoplasm. 
These c o n s t i t u e n t s  are presumed t o  be i n  va r ious  stages o f  
degene ra t ion  because of t h e  vary ing  v e s t i g e s  o f  recognizable  
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u l t r a s t r u c t u r e  remaining i n  t h e s e  seques te red  c e l l u l a r  com- 
ponents.  
We have seen l a r g e  numbers of  cytolysosomes i n  ep i the -  
l i a l  c e l l s  i n  short- term animals ( F i g  2 ) .  T h i s  c e l l u l a r  
process  of wa l l ing  o f f  segments of cytoplasm con ta in ing  mito- 
chondria  and endoplasmic re t icu lum with consequent autodiges-  
t i o n  appears t o  be a cont inuing p recess .  I n  l a t e r  specimens, 
e n t i r e  c e l l s  appear t o  be involved; a s i n g l e  membrane surrounds 
both  nuc lea r  and cytoplasmic d e b r i s  forming a g i a n t  cytolysosome. 
Such s a c s  of c e l l u l a r  deb r i s  are f r equen t ly  seen t o  be c l e a r l y  
o u t s i d e  and separate from surrounding e p i t h e l i a l  c e l l s  (F ig  3 ) ;  
however, comparable granules  have been noted wholly w i t h i n  
c e l l s ,  t h e r e  being only a s i n g l e  membrane between t h e  con ten t s  
of t h e  granule  and t h e  cytoplasmic m a t r i x  (F ig  4 ) .  
b 
n 
I Ten ta t ive  f i n d i n g s  suggest t h a t  e p i t h e l i a l  c e l l s  can 
undergo var ious  degrees of degenerat ion fol lowing i r r a d i a t i o n ;  
t h e  s e v e r e s t  degenera t ive  form seems t o  be a large membrane 
bound s a c  of  nuc lea r  and cytoplasmic d e b r i s  \ I - -  a g i a n t  cytolyso-  
-- 
some. Other forms of g i an t  lysosomes conta in ing  both nuc lea r  
and cytoplasmic debris are present  w i th in  e p i t h e l i a l  c e l l s ;  i t  
has been impossible  thus  fa r  t o  i d e n t i f y  t h e  c e l l  t y p e s  from 
which these s t r u c t u r e s  are der ived.  We found tha t  t h e  granu- 
l a r  i n c l u s i o n s  are Feulgen and PAS p o s i t i v e ,  and con ta in  nuc lea r  
material when viewed w i t h  t h e  e l e c t r o n  microscope. Hampton, 
-_.  e t  a 1 , ( 1 9 6 6 ) 2 ,  have suggested that  similar s t r u c t u r e s  can be  
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de r ived  from lymphocytes i n  X-irradiated jejunum. Our s tudy 
does no t  prec lude  t h i s  p o s s i b i l i t y ,  however, no lymphocytes 
(degenera t ing  o r  i n t a c t )  have been l o c a t e d  i n  pro ton  irradiated 
jejunum. Most of these sacs  of  degenera t ing  c e l l u l a r  debris  
are probably der ived  from o t h e r  ep i the l i a l  ce l l s .  Although 
d i rec t  morphologic evidence of phagocytosis  o f  degenera t ing  
c e l l s  by e p i t h e l i a l  c e l l s  has no t  been noted,  t h i s  probably i s  
t h e  r o u t e  of  e n t r y  f o r  t h e  material i n  t h e  s a c s  which contained 
bo th  nuc lea r  and cytoplasmic d e b r i s .  The e n t i r e  process  re- 
q u i r e s  f u r t h e r  i n v e s t i g a t i o n  and a n a l y s i s .  
B. U l t r a s t r u c t u r e  of  P ro ton - i r r ad ia t ed  Rhesus Liver  (2 .3  Bev; 
3000 rads).  
We have s t u d i e d  hepa t ic  t i s s u e  from animals t ha t  were 
k i l l e d  at 6 ,  1 2  and 18 hours af ter  r e c e i v i n g  3,000 rads of 
whole-body i r r a d i a t i o n  from t h e  2.3 b i l l i o n - e l e c t r o n - v o l t  
Cosmotron a t  t h e  Brookhaven Nat iona l  Laboratory.  
6 hour  i n t e r v a l :  
Surveys of  t h e  hepa t i c  parenchyma have shown i t  t o  be  
e s s e n t i a l l y  w i t h i n  normal morphologic l i m i t s  ( F i g  5 ) .  Glycogen 
compliment appears  usua l .  Some s u b t l e  d e v i a t i o n s  may b e  pre- 
sent i n  s l i g h t  d i l a t a t i o n s  of smooth r e t i cu lum and occas iona l  
s w e l l i n g  of m i c r o v i l l i ;  however, any d e f i n i t i v e  s ta tement  would 
be premature at  t h i s  t i m e .  
c 
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1 2  hour i n t e r v a l :  
The average hepatocyte  had a rather normal appearance 
( F i g  6 ) .  The cytoplasmic glycogen content  was sparse; occa- 
s i o n a l  en larged  mitochondria were p r e s e n t .  A few c e l l s  con- 
t a i n e d  m u l t i p l e  cytolysosomes; some of these c e l l s  were con- 
t r a c t e d  and had n u c l e i  w i t h  s c a l l o p e d  n u c l e a r  envelopes ( F i g  7 ) .  
Frequent ly ,  t he  m i c r o v i l l a r  p a t t e r n  of  t h e  plasma mem- 
brane a long  t h e  c a n a l l i c u l u s  was l o s t ,  there  be ing  s e v e r a l  
large b l e b s  rather t h a n  convent iona l  m i c r o v i l l i  normally 
p r e s e n t  ( F i g  8 ) .  B lebs  were a l s o  p r e s e n t  i n  t h e  space o f  
Disse ( F i g  9 ) ;  t he  appearance was very similar t o  b lebbing  
of m i c r o v i l l i  a long  t h e  s i n u s o i d a l  bo rde r  of  hepa tocytes  i n  
o u r  prev ious  32 Mev pro ton  s tudy .  
Membrane l i n e d  channels ,  t ha t  appeared t o  l a y  w i t h i n  
c e l l s ,  conta ined  a dense u n i d e n t i f i e d  material as i f  i n s p i s -  
sated w i t h i n  these channels  (F ig  1 0 ) .  Accumulations of dense 
material were a l s o  noted  around some c e l l s .  F igure  11 i l l u s -  
t ra tes  t h i s  material i n  a space of Disse. 
24 hour  i n t e r v a l  : 
The changes noted  i n  12  hour specimens were more pro- 
nounced and abundant at  2 4  hours.  I n  a d d i t i o n ,  several f i b r i n  
masses were noted  i n  s inuso ids  and w i t h i n  spaces  o f  Disse. The 
l a t t e r  a l s o  conta ined  e r y t h r o c y t e s .  These f i b r i n  masses were 
f r e q u e n t l y  a s s o c i a t e d  w i t h  c e l l s  showing s i g n s  of cytoplasmic 
-5- 
degenerat ion ( F i g  1 2 ) .  A l t e r a t i o n s  i n  nuc lea r  p a t t e r n  were 
not  common; one nucleus w i t h  an unusual chromatin p a t t e r n  t h a t  
may r ep resen t  e a r l y  chromosome aggrega t ions  i n  prophase o r  
clumping of chromatin i s  shown i n  F ig  13; t h e  nuc lea r  
envelope i s  i n t a c t .  
E lec t ron  dense m a t e r i a l  was f r equen t ly  present  i n  cyto-  
plasmic spaces  ( F i g  1 4 ) .  T h i s  material i s  seen i n  channel- 
l i k e  spaces  i n  t h e  a p i c a l  cytoplasm adjacent  o t  b i l e  canal-  
l i c u l i .  Note t h e  o v e r a l l  increased  dens i ty  of t h i s  hepatocyte  
compared t o  t he  t h r e e  o t h e r  hepatocytes  i n  t h e  micrograph. 
The complete cytoplasmic disarray found i n  some c e l l s  
i s  shown i n  F ig  15. Note t h e  m u l t i p l i c i t y  of l i p i d  d r o p l e t s  
and w i d e l y  s c a t t e r e d  accumulations of i n s p i s s a t e d  dense 
material. Well-formed mitochondria were r a r e  i n  such c e l l s .  
C .  Analysis  o f  l i v e r  c e l l  mitochondria .  
A s  p rev ious ly  repor ted ,  mitochondria  from l i v e r  c e l l s  
(6 ,000 rads; 32 Mev pro tons)  s u f f e r  severe  f o c a l  a l t e r a t i o n s  
i n  t h e i r  membrane s t r u c t u r e .  We are working on t h e  methods of 
demonstrat ing t h e  elementary p a r t i c l e s  (ATP re la ted)  l o c a t e d  
a long  membranes of mitochondrial  c r i s t a e  i n  t h e  convent ional  
confirmation.  D r .  Mayfield,  a biochemist ,  has j o i n e d  our  
group i n  t h e  Laboratory of Experimental  Pathology and i s  par- 
t i c i p a t i n g  i n  t h i s  aspec t  of our s tudy .  We are s e p a r a t i n g  out 
t h e  mitochondrial  l i v e r  c e l l  f r a c t i o n s  by u l t r a c e n t r i f u g a t i o n .  
The mitochondria ,  as separa ted  i n  0 .25  molar sucrose ,  
. '  
' .  
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are i n  t h e  condensed conformation and must be first converted 
t o  convent iona l  form. They are t h e n  l i g h t l y  s o n i c a t e d  and 
s t a i n e d  nega t ive ly  w i t h  phosphotungst ic  a c i d  f o r  e l e c t r o n  
microscopic  s tudy .  We a n t i c i p a t e  mod i f i ca t ions  i n  t he  s t r u c -  
t u r e  and d i s t r i b u t i o n  o f  elementary p a r t i c l e s  a long  a l tered 
segments o f  c r i s t a e  membranes. 
We p l a n  t o  assay p o r t i o n s  of t h e  e l e c t r o n  t r a n s p o r t  
enzymic sys t em i n  these a l t e r e d  mi tochondr ia l  f r a c t i o n s  i f  
t i m e  and funding p e r m i t .  
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